Regulation of the hypoxanthine phosphoribosyltransferase gene: in vitro and in vivo approaches.
The hypoxanthine phosphoribosyltransferase (HPRT) locus is a constitutively expressed housekeeping gene characterized by a notably higher level of expression in the mammalian brain. The enzyme it encodes is key to purine salvage in humans and is the basis for the X-linked recessive disorder, Lesch-Nyhan syndrome (LNS). Methylation in the promoter plays a critical, if not fully understood, role in transcriptional silencing of the locus on the inactive chromosome, possibly by conferring structural stability. In vivo footprinting assays of the promoter region have shown protein interaction with multiple Spl-binding sites, a possible AP2 site, and a potentially novel binding site. In vitro studies of HPRT promoter deletion constructs have identified a minimal promoter element necessary for maximal transcription and a position-dependent, orientation-independent repressor element (HPRT-NE) that functions on heterologous promoters. Regulatory intron elements have also been observed. Studies on transgenic mice bearing HPRT promoter constructs have shown that the minimal promoter element is insufficient for in vivo expression and that HPRT-NE is responsible for conferring neuronal specificity. HPRT-mice possess metabolic defects similar to LNS patients, but fail to develop human behavioral abnormalities, perhaps because of species differences in purine metabolism. A neuronal-specific protein complex appears to be necessary for activator function of HPRT-NE, while a ubiquitously expressed complex may be responsible for repression. Sequence analysis Indicates that the latter complex may depend on the multifunctional transcription factor YY1 for binding. A fuller understanding of HPRT gene regulation will hopefully provide insight into the transcriptional mechanisms controlling the expression of housekeeping and brain-specific genes.